Two experiments were conducted to determine if feeding melatonin alters plasma concentrations of melatonin, growth and carcass composition of postpubertal beef heifers exposed to 16 h light (L):8 h dark (D). In Exp. 1, 16 heifers were blocked by initial body weight (318 4" 5.6 kg). Four heifers were killed before starting the melatonin treatment to obtain initial carcass composition. Six heifers received vehicle (95% ethanol) and six were fed melatonin (4 mg/100 kg body weight) daily for 58 d at 1330 to coincide with the middle of the 16-h light period. On d 59 heifers were slaughtered. Melatonin feeding increased the percentage of fat in rib (P<.05) and longissimus muscle (LD; P<. 10) and carcass fat accretion 28% (P<.09) but reduced the percentage of protein 8% in rib (P<.05) and carcass protein accretion 30% (P<.09). Other measures in the carcass and body weight gain were not affected (P>.10) by feeding melatonin. Plasma concentrations of melatonin increased (P<.01) from 10 to 140 pg/ml within 30 min of feeding melatonin. In Exp. 2, 24 heifers were blocked by initial body weight (348 -13.7 kg). Eight heifers were killed initially, eight received vehicle and eight were fed melatonin for 63 d as described in Exp. 1. Melatonin did not influence (P>. 10) body weight gain or any measure in the carcass; however, these heifers were fatter (40.1%) than those in Exp. 1 (30.9%) at the beginning of the experiment. We conclude that feeding melatonin to heifers in the middle of the light period of a 16L:8D photoperiod can increase plasma melatonin and alter carcass composition if melatonin feeding begins before heifers approach maturity with respect to fatness.
Introduction
Compared with short-day photoperiods (< 12 h of light [L] per d), long-day photoperiods of 16 h of L and 8 h of dark (D) stimulated body weight gains and carcass protein in peripubertal cattle when energy intake was moderate (Peters et al., 1978 (Peters et al., , 1980 Petitclerc et al., 1983 Petitclerc et al., , 1984 Zinn et al., 1986a ). In contrast, postpubertal heifers fed a high-energy diet gained more body weight when exposed to short as compared with long days, but this gain was primarily fat (Zinn et al., 1986b) .
Secretion of melatonin is lowest during periods of light and highest during periods of dark (Rollag and Niswender, 1976; Lincoln et al., 1982) . In sheep, duration of elevated nocIMichigan Agric. Exp. Sta. Journal Article. No. 12364 . This research was supported by USPHS Grant HD 17738, USDA Grant 84-CRSR-2-2340, and a MSU-AII University Research Grant.
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3Dept. of Anim. Sci. Received March 10, 1987 . Accepted August 5, 1987 turnal concentrations of melatonin is a cue an animal uses to determine length of daily photoperiod (Bittman and Karsch, 1984) . For example, elevated concentrations of melatonin for 16 or 8 h/d are perceived as short-and long-day photoperiods, respectively (Bittman and Karsch, 1984) . Moreover, sheep fed melatonin daily in the middle of a 16-h light period responded as if exposed to photoperiods of only 8 h of L/d (Kennaway et al., 1982; . The objectives of the present study were to determine if feeding melatonin in the middle of the light period of a 16L:8D photoperiod would increase daytime blood concentrations of melatonin and stimulate fat accretion in postpubertal heifers.
Materials and Methods
Experiment 1. Based on initial body weight (318 _+ 5.6 kg), 16 postpubertal (determined by rectal palpation of a corpus luteum) Angus heifers were arranged by weight into two blocks of eight animals each. Two heifers from each block (total of four animals) were slaughtered 10 d before treatment began to obtain initial carcass data. Within block, the remaining heifers were randomly assigned to treatment groups Melatonin 4 was dissolved in 95% ethanol. For each melatonin-fed heifer, 4 mg melatonin/ 100 kg body weight was dissolved in 3 ml of 95% ethanol and injected onto approximately .5 kg of a commercial calf grain concentrate mix 5. This dose of melatonin was chosen because similar doses of melatonin fed to sheep elevated serum concentrations of melatonin and altered patterns of prolactin secretion (Kennaway et al., 1982) . Ethanol (3 ml) alone was injected onto .5 kg of the grain mix for each vehicle-fed heifer. Each grain mix was then exposed to air for 3 to 5 h to allow the ethanol to evaporate. Each day at 1330, which corresponded to the middle of the light period, treated grain was fed to each heifer individually and was consumed within 5 rain. Prior to the start of the trial, heifers had been trained to eat grain mix from individual buckets without restraints. Heifers were supervised during melatonin feeding to prevent consumption of grain of other animals. Following consumption of grain, animals were fed approximately 2 kg dry matter (DM).100 kg body weight -I "d-I (table 1) . Heifers were fed on a group basis such that within a pen all feed was consumed by 1000 the following day to avoid overlap with melatonin feeding.
On d 56 of treatment, each heifer was fitted with an indwelling jugular cannula. The next day, beginning at 0800, blood samples were collected into heparinized tubes at 2-h intervals for 26 h. Blood was stored overnight at 4 C. Samples were then centrifuged at 1000 • g for 30 min, and plasma was decanted and stored frozen at -20 C until assayed for melatonin (Fraser et al., 1983) . The melatonin antibody was purchased from Guildhay Antisera Ltd. 6 and is identical to that used by Fraser et al. (1983) .
All 12 heifers on experiment were killed beginning at 0700 on d 59 of treatment. At 1700 to 1800 on the day before slaughter animals were transported to the abattoir and held overnight without feed. Heifers in the initial slaughter group were treated similarly. In addition to live and carcass weight, weights of the left semitendinosus muscle (ST), right longissimus muscle (LD) and total perirenal fat were obtained from each heifer on the day of slaughter. Each carcass was held at 0 C for 20 to 24 h. After chilling, area of the LD and fat depth at the left 12th rib were obtained. The 9-10-11 rib section (RIB) from the left side of the carcass was obtained and dissected according to the method of Hankins and Howe (1946) . Soft tissues (muscle and fat) in RIB and trimmed ST and LD were individually ground and subsampied for determination of lipid and protein content (AOAC, 1965) . Accretion rates of protein and fat in the carcass were calculated using the equations of Hankins and Howe (1946) .
Body weight gain and concentrations of melatonin over time were analyzed by split-plot analysis of variance with repeat measure (Gill and Hafs, 1971) . By use of Bonferroni t-test (Gill, 1986) , we compared treatment differences in plasma melatonin during the light period before feeding treatment, during the light period after feeding treatment, during the dark period, and over all samples; we also compared treatment differences in mean body weight gain. Differences in carcass composition and other carcass characteristics between treatment means were compared by analysis of variance (Gill, 1978) .
Experiment 2. The design of Exp. 1 was repeated with an additional 24 postpubertal (determined by rectal palpation of a corpus luteum) Angus or Angus-cross heifers the following year. Although these heifers were of similar breed and type as those in Exp. 1, they were heavier (348 vs 318.1 kg) and fatter (40.1 vs 30.9% fat in 9-10-11 rib-section) at the start of melatonin feeding than heifers in Exp. 1. Based on initial body weight (348 ___ 13.7 kg), these 24 postpubertal heifers were arranged by weight into four blocks of six animals each. Two heifers from each block (total of eight animals) were slaughtered 10 d before treatment began to obtain initial carcass data. Within block, the remaining heifers were randomly assigned to treatment groups of melatonin-or vehicle-fed animals (n = eight animals/treatment group) beginning on March 27 and continuing for 63 d. Animals were weighed approximately every 2 wk. Housing, supplemental lighting and feeding of melatonin were as described in Exp. 1. Following consumption of treated grain, heifers were fed approximately 1.8 kg DM 100 9 kg body weight-1 . d-l (table 1) .
Initially, heifers in Exp. 2 were offered the same amount of DM/100 kg body weight as heifers in Exp. 1. However, feed was not consumed by the time melatonin was fed at 1330. Reduction of the amount fed to 1.8 kg DM 9 100 kg body weight-1 . d-~ ensured that all feed was consumed by 1000 and did not overlap with feeding of melatonin.
Procedures at slaughter, tissue collection, analysis for fat and protein and statistical analyses of data were as described in Exp. 1.
Results

Experiment 1. Plasma Melatonin. Plasma
concentrations of melatonin in melatonin-and vehicle-fed heifers are shown in figure 1 . Overall, heifers fed melatonin had greater (P<.01) average plasma concentrations of melatonin than vehicle-fed heifers (58.2 vs 15.7 pg/ml). Compared with controls, feeding melatonin increased (P<.01) plasma melatonin within 30 min, and these levels remained elevated into the dark period (1400 to 0530). Concentrations of melatonin did not differ (P>.10) between treatments in samples taken prior to feeding of 
1200 1600 2000 000 0400 0800 TIME Figure 1 . Concentrations of melatonin in plasma of postpubertal heifers after 57 d of feeding melatonin or vehicle at 1330 while exposed to a 16L:8D photoperiod.
melatonin (0800 to 1200) and following the dark period (0600 to 1000). In addition, concentrations of melatonin in vehicle-fed heifers were elevated (P<.05) during the dark period compared with the light period.
Body Weight Gain. Body weights of heifers fed melatonin and vehicle averaged 321 +__ 6.9 and 315 _ 7.5 kg, respectively, at the start of treatment; final body weights (and average daily gain; ADG) were 379 +-8.0 kg (1.01 kg/d) and 372 ___ 11.2 kg (1.00 kg/d), respectively (figure 2; P>. 10).
Carcass Composition. Percentages of fat in
RIB were 10% greater (P<.05) in heifers fed melatonin than in vehicle-fed heifers (table 2). In addition, melatonin feeding increased (P< .09) daily accretion of carcass fat 28% (table  2) . In contrast, melatonin-fed heifers had 8% lower (P<.05) percentage of protein in RIB and 30% reduced (P<.09) daily accretion of carcass 4,o~ Carcass Composition. Although melatonintreated heifers possessed 4 to 19% more fat in the carcass, LD and ST than controls, these differences were not significant (table 4). In addition, heifers fed melatonin had 29% less accretion of carcass protein than did control-fed heifers (table 4) . However, this difference was not significant. Melatonin did not influence (P>. 10) percentages of fat or protein in RIB. Although melatonin did not affect (P>.10) aEach heifer fed 4 mg melatonin 9 100 kg body weight-l . d-l. bPooled standard error.
r based on equations developed by Hankins and Howe (1946) .
accretion of fat in the carcass, there was a tendency (P =. 10) for a treatment • block interaction. Treatment differences in accretion of fat in the two blocks of heifers of lighter body weight were greater (P<.07) than treatment differences in the two blocks of heavier heifers. There was no effect (P>. 10) of feeding melatonin on size or composition of LD or ST (table   5) .
Discussion
Similar to results in sheep (Rollag and Niswender, 1976; Lincoln et al., 1982) and cattle (Hedlund et al., 1977; Martin et al., 1983) , plasma concentrations of melatonin in the vehicle-fed controls of the present study were greater in the dark period than in the light period. In addition, feeding melatonin increased plasma concentrations of melatonin within 30 min, demonstrating that melatonin is orally active in cattle. In contrast to results of Nett and Niswender (1982) , but in agreement with Kennaway et al. (1982) and Arendt et al. (1983) , elevated plasma concentrations of melatonin in melatonin-fed heifers were maintained through the subsequent dark period, after which concentrations returned to daytime concentrations.
In agreement with results in hamsters (Bartness and Wade, 1984) , administration of melatonin in the middle of the 16-h light period stimulated accretion of fat in postpubertal beef heifers in Exp. 1. Melatonin-induced increases in fat accretion parallel the effects of exposure to short-day photoperiods in cattle (Zinn et al., 1986b) , deer (Abbott et al., 1984) and Syrian hamsters (Bartness and Wade, 1984) . Similar bpooled standard error.
to short-day exposure (Zinn et al., 1986b) , melatonin feeding decreased the percentage of protein in the RIB and increased percentage of fat in the RIB and in the LD without affecting perirenal fat or fat thickness at the 12th rib. This may indicate that melatonin, similar to exposure to short-day photoperiods, partitions nutrients toward fat accretion in later-maturing fat depots (i.e., im fat). It cannot be determined, however, from this study if increased duration (i.e., longer dark periods) of elevated concentrations of melatonin is the mechanism whereby short-day photoperiods stimulate fat accretion. In contrast to results in Exp. 1, feeding of melatonin did not affect carcass composition in Exp. 2. One possible explanation for the discrepancy between the two experiments may be the difference in daily net energy intake. Heifers in Exp. 2 had less daily energy intake than did heifers in Exp. 1 (5.8 vs 6.6 Mcal net energy/100 kg body weight). The reduced energy intake in Exp. 2 may have limited melatonin-induced increases in fat accretion. Indeed, the magnitude of melatonin-induced increments in fat accretion are reduced with reduced energy intake in hamsters (Bartness and Wade, 1984) .
A second possible explanation for the limited effect of melatonin on fat accretion in Exp. 2 is the degree of maturity with respect to fatness in these heifers at the start of the trial. Percentage of fat of the carcass in beef cattle plateaus at approximately 45% (Reid et al., 1955 (Reid et al., , 1968 Berg and Butterfield, 1976) . Initially, heifers in Exp. 2 were near maximal fat percentage (40.1%) at the start of the experiment and reached maximum fat percentages (45.9 and 44.0% in melatonin-and vehicle-fed heifers, respectively) by the end of the experiment. Because heifers in Exp. 2 had reached maturity with respect to fatness prior to the end of the experiment, differences in fat accretion between treatments may have been masked or precluded. Indeed, the treatment x block interaction indicates that the lack of response to feeding melatonin in the heavier (and fatter) heifers masked any overall treatment effects of melatonin, because there was a significant effect in the lighter (and leaner) heifers. In contrast, heifers in Exp. 1 averaged 30.9% fat in RIB at the start of the trial, and only melatonin-fed heifers reached maximal (46%) percentages of fat in the RIB.
In conclusion, feeding melatonin increased plasma concentrations of melatonin and is therefore a practical method to elevate circulating blood concentrations of melatonin. In addition, feeding melatonin increases fat in the LD and carcass. However, to be effective, feeding of melatonin must begin before animals approach maturity with respect to fatness. Based on our results we predict that melatonin would be more effective in stimulating fat accretion in leaner animals. Similar to the effects of short days in deer (Abbott et al., 1984) , melatonin may stimulate lipogenic rates in adipose tissue. However, the direct mechanism whereby melatonin induces fat accretion remains to be determined. We speculate that daily duration of exposure to melatonin may mediate photoperiod-induced changes in fat accretion in cattle.
